The present paper is devoted to Fe-Al alloys with aluminium content of 28, 33 and 35 at.%, prepared by standard technological procedure. The attention is focused on the comparison of the surface and bulk magnetic properties, which were obtained by magneto-optical Kerr eect (MOKE) and atomic and magnetic force microscopy (AFM/MFM) as the surface-sensitive methods combined with the vibration sample magnetometer (VSM) yielding the bulk magnetic properties. As was expected, the Fe72Al28 sample shows an overall ferromagnetic behavior at room temperature. Nevertheless, the bulk hysteresis loop shows single-phase behavior, while the surface MOKE hysteresis loop consists of two overlapped curves characterized by dierent coercivity values. The other two samples are paramagnetic from the viewpoint of the bulk, but reveal ferromagnetic behavior of their surfaces, represented by hysteresis loops, corresponding to rather harder magnetic phase. These results are well supported by MFM.
Introduction
The Fe-Al alloys attract ongoing interest of the wide scientic community [1] . The reason is their outstanding corrosion and oxidation resistance, good mechanical properties, low material costs and relatively large possibility of alloying with other elements or compounds as, e.g., with yttrium oxide in the known oxide dispersion strengthened alloys for high temperature applications [2, 3] . A fast advancing surface engineering predicates that the features and behavior of components are often inuenced by their surface structure and physical properties. This stimulated the present investigations and concentrated the attention on the comparison of the surface and bulk magnetic properties. For this purpose three dierent compositions were chosen. The alloy with 28 at.% Al belongs to the iron rich region, showing the ferromagnetic behavior at room temperature, while the alloys with 33 and 35 at.% Al should be paramagnetic [4] .
Experimental
All Fe-Al alloys were prepared from the pure Fe and Al (99.99%) elements by induction melting. The ingots were cut into the round samples, approximately 10 mm in diameter and 500 µm thick. Their surfaces were grinded and nely polished up to mirror nish. The surface and bulk hysteresis loop measurements were carried out at room temperature by the magneto-optical Kerr eect (MOKE) and vibrating sample magnetometer (VSM), * corresponding author; e-mail:
ales.hendrych@seznam.cz respectively. Details concerning the MOKE measurements can be found in Ref. 5 . The bulk hysteresis loops were measured using VSM MicroSense in an external eld of ±1600 kA/m. AFM/MFM images were obtained by NTEGRA Prima platform operated in semi-contact mode. The tips used for measurements were coated with Co-Cr magnetic lm. This is due to more inhomogeneous surface structure consisting of Fe-Al phase and very probably oxide phase both signicantly inuenced by stresses and defects induced by the grinding and polishing. The induced stress relief causes also a ferromagnetic behavior of the next two alloys, Fe 67 Al 33 and Fe 65 Al 35 at their surfaces contrary to bulk paramagnetic behavior. As the hysteresis loops, measured by VSM, document in Fig. 1b , the magnetic moment induced by the applied eld is nearly linear with the eld strength and is rather weak. Nevertheless, the detailed view of this dependence around the zero applied elds in Fig. 1c , yields very small remnant magnetization and large coercivity. In contrast, the surface hysteresis loops of both samples are prominent. They mainly dier in the magnitude of the magneto-optical eect, that is at the Fe 65 Al 35 sample surface approximately three times smaller. It is due to many factors inuencing the surface properties, such as the element composition of the Fe-Al phase and its depth homogeneity, surface morphology, oxidation, defects, etc. That should be specied in (58) the following investigations together with their individual contributions in more details. The magnetic behavior at both sample surfaces was conrmed by the MFM. The picture for the Fe 65 Al 35 sample is seen in Fig. 2 (right) simultaneously with the surface topography reected in the AFM result in Fig. 2 (left) . Contrary to the surface of the Fe 72 Al 28 sample where nearly invisible dierences in color contrast were observed, the picture taken from the surface of the Fe 65 Al 35 sample has yielded an interesting color relief. This is in agreement with the Mössbauer spectrometry using conversion electrons (not presented here), yielding higher fraction of paramagnetic phase in the Fe 65 Al 35 sample surface. 
Conclusions
The present investigations are devoted to the surface and bulk properties of the still important and frequently studied technical material of the Fe-Al composition. A dierence in the bulk and surface magnetic behavior, caused by the several mechanical surface treatments such as grinding and polishing, is evidenced. Whereas the bulk magnetic properties of the as-prepared samples at room temperature are in agreement with phase diagram yielding ferromagnetic behavior for 28 at.% Al and paramagnetic behavior for the samples with 33 and 35 at.% Al, the surface magnetic properties dier and show transformation into ferromagnetic state also in samples with higher Al content.
